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@ Spindle-shaped magnetic iron based alloy particles and process for producing the same. 

(57) Spindle-shaped magnetic iron based alloy particles for use in magnetic recording ^.^^l^.^^J"^""^^ 
® least one selected from Ni, Al, Si, P. Co. Mg. B and Zn and have a particle length f ^^,^^^5 ^ 

a crystallite size of from 11 to 18 nm (110 to 180 A), a specific surface area of from 30 to 6° /g a 
coercive force of 1.03 to 1.35 A/m (1.300 to 1.700 Oe) and a saturation magnetization (<ts) of not less 
than 100 Am^/kg (100 emu/g). 
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The present invention relates to spindle-shaped magnetic iron based alloy particles for high-density record- 
ing, which have high output characteristics and a low noise level, and a process for producing the same. 

Miniaturization, weight reduction and recording-time prolongation of video or audio magnetic recording and 
reproducing apparatuses have recently shown a remarkable progress. Especially, regarding video tape recor- 
5 ders (VTR) which have rapidly spread wide, the development of smaller-sized and lighter-weight VTR's for lon- 
ger-time recording have been rapid. With this progress, magnetic recording media such as a magnetic tape 
have been strongly required to have a higher perfonnance and a higher recording density. 

In other words, magnetic recording media are required to have higher output and lower the noise level. For 
this purpose, it is necessary to improve the residual magnetic flux density (Br), the coercive force, the surface 
ic smoothness of the magnetic media and the S/N ratio. 

These characteristics of magnetic recording media have close relation to the magnetic particles used for 
the magnetic recording media. In recent years, magnetic iron based alloy particles have attracted attention due 
to their coercive force and saturation magnetization which are superior to those of conventional magnetic iron 
oxide particles, and have been put to practical use as magnetic media such as digital audio tapes (DAT), 8-mm 
15 video tapes, Hi-8 tapes and video floppies. Such magnetic iron based alloy particles, however, are also strongly 
demanded to improve the characteristics. 

The relationship between various characteristics of magnetic recording media and the properties of mag- 
netic particles used therefor will be described in the following. 

In order to obtain a higher recording perfonnance. magnetic recording media for VTR's are required to 
20 improve (1 ) the video S/N ratio, (2) the chroma S/N ratio and (3) the video frequency characteristics, as is obvi- 
ous from the description in NIKKEI ELECTRONICS, May 3, pp. 82 to 105 (1976). 

In order to improve the video S/N ratio, it is important to make the magnetic particles smaller, and to improve 
the dispersibllity of the magnetic particles in a vehicle, the orientation and the loadings of the magnetic particles 
in a coating film and the surface smoothness of the magnetic recording media. 
25 It is known that a method of lowering the noise level of a magnetic recording medium by reducing the particle 

size of the magnetic particles used therefore is effective as a method for improving the video S/N ratio. 

The particle size of magnetic particles is often expressed by the value of the specific surface area of the 
particles. It is generally known that the noise level of a magnetic recording medium has a tendency to lower 
with the increase in the specific surface area of the magnetic particles used. 
30 This phenomenon is shown in, for example, Fig. 1 in Japanese Patent Laid-Open No. 58-159231 . The Fig. 

1 shows the relationship between the specific surface area of magnetic metal particles and the noise level of 
the magnetic tape produced therefrom. With the increase in the specific surface area of the particles, the noise 
level lowers linearly. 

Therefore, the magnetic particles are required to have a large specific surface area in order to lower the 
35 noise level and improve the video S/N ratio. 

However, if the specific surface area of the magnetic particles becomes too large, it becomes more difficult 
to disperse the magnetic particles in a vehicle (because the amount of binder per unit surface area of the mag- 
netic particles is reduced) and to improve the orientation and the loadings thereof in the coating film, thereby 
making it impossible to obtain a good surface smoothness, and consquently it leads to the deterioration of the 
40 video S/N ratio. Generally, the increase of the specific surface area solely is rather unfavorable. It is therefore 
important to select the optimum range of a specific surface area in consideration of the technique of dispersing 
the magnetic particles in a vehicle. 

Regarding the relationship between the magnetic metal particles and the noise, it is known that the crys- 
tallite size of the magnetic metal particles has a relation to the noise. 
45 This phenomenon is shown in. for example. Fig. 38 on page 1 23 of the COLLECTED DATA ON MAGNETIC 

RECORDING MEDIA, Aug. 15 (1985). published by Synthetic Electronics Research. The Fig. 38 shows the 
relationship between the crystallite size of the magnetic iron based alloy particles and the noise of the magnetic 
tape produced therefrom. It is observed from Fig. 38 that with the reduction in the crystallite size of the particles, 
the noise level is lowered. 

50 It is therefore effective for lowering the noise level of a magnetic recording medium to reduce the crystallite 

size of the magnetic metal particles as much as possible. 

As described above, in order to improve the video S/N ratio and lower the noise level, magnetic particles 
which are excellent in the dispersibllity in a vehicle, and the orientation and the loadings in a coating film, have 
a small crystallite size, an appropriate range (in particular, about 30 to 60 m2/g) of a specific surface area and 
55 a uniform particle size distribution, and contain no dendrites are required. 

In order to improve the chroma S/N, it is necessary to improve the surface property and the squareness 
ratio of the magnetic recording medium. For this purpose, magnetic particles having good dispersibllity and 
onentation property are useful. Such magnetic particles are required to have a large aspect ratio (major axial 



3 



I 



I 



EP 0 466 338 A1 

diameter / minor axiai diameter), an uniform particle size distribution and an appropriate range of a specific sur- 
face area, and to contain no dendrites. 

Furthermore, in order to improve the video frequency characteristics, it is necessary that the magnetic 
recording medium has a high coercive force (He) and a high remanense (Br). 

5 In order to enhance the remanence (Br) of magnetic media, a high coercive force (He) Is required. It is 

important for the magnetic particles used for recording media such as video floppies, DATs, 8-mm video tapes 
and Hi-8 tapes to have a coercive force of about 1 ,300 to 1 ,700 Oe at present. 

Since the coercive force of magnetic particles are generally caused by the shape anisotropy, the coercive 
force has a tendency to increase with the increase in the aspect ratio (major axial diameter / minor axial diame- 

10 ter). On the other hand, the coercive force has a tendency to reduce with the reduction in the crystallite size. 
Therefore, if the crystallite size is reduced In order to tower the noise level and to improve the video S/N ratio, 
the coercive force is lowered and it is difficult to improve the video frequency characteristics. Accordingly, the 
reduction in the small crystallite size while keeping the coercive force as high as possible is required. 

Magnetic particles having a large saturation magnetization (as) are necessary for enhancing the residual 

15 magnetic flux density (Br) of the magnetic medium, and the residual magnetic flux density (Br) depends upon 
the dispersibility of the magnetic particles in a vehicle and the orientation and the loadings of the magnetic par- 
ticles in a coating film. 

Although magnetic Iron based alloy particles have a larger saturation magnetization than Iron oxide mag- 
netic particles, since they are very fine particles having a particle size of not more than 1 ^m, the surface activity 
20 of the particles is so large that they react with oxygen even they are taken into air after forming an oxide film 
on the particle surface by the surface oxidation after reduction, resulting in the great deterioration of the mag- 
netic properties, in particular, the saturation magnetization. The deficiency of oxidative stability causes, with 
the time, the deterioration of the saturation magnetic flux density (Bm) and the residual magnetic flux density 
(Br) of the magnetic recording medium even after the magnetic particles are coated with some binder as a mag- 
25 netic coating. The saturation magnetization tends to be lowered to a greater extent as the magnetic iron bas d 
alloy particles become finer. Therefore, with the recent pronounced tendency to small magnetic particles, a 
balance in a large saturation magnetization and oxidization stability becomes to be very important Thus, the 
method for the surface oxidization of magnetic iron based alloy particles after reduction is an important problem. 
Magnetic iron based alloy particles are generally obtained by heat-treating in a reducing gas goethite par- 
se tides as the starting material, hematite particles obtained by dehydrating the goethite particles at a high tem- 
perature, the goethite particles containing metals other than iron or the hematite particles containing metals 
other than iron. 

As a method of producing goethite particles as the starting material, there are known a method(i) of pro- 
ducing acicular goethite particles comprising adding not less than an equivalent of an alkali hydroxide solution 

35 to an aqueous ferrous salt solution to obtain a suspension containing ferrous hydroxide particles and carrying 
out oxidization by passing an oxygen-containing gas into the suspension at a temperature of not higher than 
80^*0 and at a pH of not less than 1 1 ; and a method(ii) of producing spindle-shaped goethite particles comprising 
reacting an aqueous ferrous salt solution with an aqueous alkali carbonate solution or a mixture of an aqueous 
alkali carbonate solution and an aqueous alkali hydroxide solution to obtain a suspension containing FeCOs 

40 or an Fe-containing precipitate and canning out oxidization by passing an oxygen-containing gas into the sus- 
pension. 

The acicular goethite particles obtained by the method(i) has a large aspect ratio (major axial diameter / mi- 
nor axial diameter=not less than 1 0) but contains dendrites and cannot be said to have an uniform particle size 
distribution. And the magnetic iron based alloy particles obtained by reduction of these acicular goethite par- 

45 tides have a high coercive force due to the large aspect ratio (major axial diameter / minor axial diameter), but 
contain dendrites and cannot be said to have an uniform particle size distribution. 

On the other hand, the spindle-shaped goethite particles obtained by the method(ii) have an uniform particle 
size distribution and do not contain any dendrites, but it Is difficult to prepare spindle-shaped goethite particles 
having a large aspect ratio (major axial diameter / minor axial diameter). The preparation becomes more difficult 

50 as the particle length produced becomes smaller. The magnetic iron based alloy partides obtained by reduction 
of these spindle-shaped goethite particles have an uniform particle size distribution and contain no dendrites, 
so that the dispersibility in a vehicle and the orientation and the loadings thereof in a coating film are excellent, 
but since the aspect ratio (major axial diameter / minor axial diameter) is small, and as a result it is difficult to 
obtain particles having a high coercive force. 

55 Am thod of producing spindle-shaped goethite particles comprising reacting an aqueous alkali carbonate 

solution with an aqueous ferrous salt solution to obtain a suspension containing FeCOa and passing an oxy- 
gen-containing gas into the suspension in the presence of a carboxylic acid such as citric acid and tartaric acid 
and a salt thereof is disclosed in Japanese Patent Application Laid-Open (KOKAI) No. 50-80999. In this case, 
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the goethite particles obtained have a small aspect ratio (major axial diameter / minor axial diameter), as seen 
from the description of the specification: 

"Spheroidal particles close to spindle-shaped particles or spherical particles are obtained". 

Various attempts have heretofore been conducted to Increase the aspect ratio (major axial diameter / minor 

5 axial diameter) of spindle-shaped goethite particles so as to obtain magnetic Iron based alloy particles which 
have an uniform particle size distribution without containing any dendrite and a high coercive force. For 
example, the methods are described in Japanese Patent Application Laid-Open (KOKAI) Nos. 59-232922 
(1984), 60-21307 (1985), 60-21 81 9 (1985), 60-36603 (1985), 62-158801 (1987) and 2-51429 (1990). The spin- 
dle-shaped magnetic iron based alloy particles which are obtained by these methods, however, disadvan- 

iG tageously have a large crystallite size. 

Magnetic iron based alloy particles which have an uniform particle size distribution without containing any 
dendrite, a high coercive force, a small crystallite size and an appropriate range of specific surface area have 
been strongly demanded. 

As a result of studies undertaken by the present inventors so as to solve these problems, it has been found 
15 that spindle-shaped magnetic iron based alloy particles which have a large aspect ratio (major axial diame- 
ter/ minor axial diameter), an uniform particle size distribution without any dendrite, a small crystallite size, an 
appropriate range of specific surface area, a high coercive force and a large saturation magnetization can be 
obtained by aging a suspension containing FeCOa or an Fe-containing precipitate, passing an oxygen-contain- 
ing gas into the aged suspension containing FeCOs or an Fe-containing precipitate in the presence of propionic 
20 acid or salt thereof to obtain spindle-shaped goethite particles, subjecting the thus-obtained spindle-shaped 
goethite particles to coating-treatment with some compound, and heat-treating the coated particles in a reduc- 
ing gas. The present invention has been achieved on the basis of this finding. 

In a first aspect of the present invention, there are provided spindle-shaped magnetic iron based alloy par- 
ticles containing at least one selected from the group consisting of Ni, Al, Si, P, Co, Mg, b and Zn, which have 
25 a particle length (major axial diameter) of 0,05 to 0.40 ^m, a crystallite size of 11 0 to 1 80 A , a specific surface 
area of 30 to 30 m^/g, a coercive force of 1,300 to 1.700 Oe and a saturation magnetization (as) of not less 
than 1 00 emu/g. 

In a second aspect of the present invention, there is provided a process for producing spindle-shaped mag- 
netic iron based alloy particles comprising the steps of: adding an aqueous alkali carbonate solution or a mixture 

30 of an aqueous alkali carbonate solution and an aqueous alkali hydroxide solution to an aqueous ferrous salt 
solution so as to obtain a suspension containing FeCOs or an Fe-containing precipitate; aging the thus-obtained 
suspension containing FeCOs or an Fe-containing precipitate; carrying out an oxidization by passing an oxy- 
gen-containing gas into the aged suspension containing FeCOa or an Fe-containing precipitate in the presence 
of 0.1 to 10.0 mol% of propionic acid or a salt thereof based on Fe at 35 to 70''C so as to obtain spindle-shaped 

35 goethite particles; coating the thus-obtained spindle-shaped goethite particles with at least one compound 
selected from the group consisting of Ni, Al, Si, P, Co, Mg, B and 2n compounds; and heat-treating the coated 
particles in a reducing gas. 

In the accompanying drawings: 

Fig. 1 shows the relationship between the addition of sodium propionate and the aspect ratio (major axial 
40 diameter / minor axial diameter) of spindle-shaped goethite particles, wherein the curves A, B and C indicate 
spindle-shaped goethite particles having particle length of about 0.3 to 0.5 f-im. about 0.2 |.im and about 0.1 
f.im, respectively. 

Fig. 2 shows the relationship between the BET specific surface area and the crystallite size of spindle-sha- 
ped magnetic Iron based alloy particles, wherein the marks A and x indicate the spindle-shaped magnetic Iron 
45 based alloy particles which are obtained by conventional methods, and the mark C Indicates the magnetic iron 
based alloy particles according to the present invention. 

Fig. 3 shows the relationship between the coercive force and the crystallite size of spindle-shaped magnetic 
iron based alloy particles, wherein the marks A and x indicate the spindle-shaped magnetic iron based alloy 
particles which are obtained by conventional methods, and the mark O indicates the magnetic iron based alloy 
50 particles according to the present invention. 

Figs. 4 to 6 are electron micrographs (x 30000) of the spindle-shaped goethite particles obtained in Example 
1 and 5, and Comparative Example 1, respectively. 

Figs. 7 to 10 are electron micrographs (x 30000) of the spindle-shaped magnetic iron based alloy particles 
obtained in Example 31, 35, 41 and 46, respectively. 
55 The aqueous ferrous salt solution used in the present invention is, for example, an aqueous ferrous sulfate 

solution and an aqueous ferrous chloride solution. 

As the aqueous alkali carbonate solution, aqueous solutions of sodium carbonate, potassium carbonate, 
ammonium carbonate etc. may be used, and as the aqueous alkali hydroxide solution, aqueous solutions of 
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sodium hydroxide, potassium hydroxide etc. may be used. 

The preferred mixing ratio of the aqueous alkali solution (the aqueous alkali carbonate solution or a mixture 
of the aqueous alkali carbonate solution and the aqueous alkali hydroxide solution) to the aqueous ferrous salt 
solution is not less than 1 .05/1 , preferably 1 .05/1 to 4.0/1 In the molar ratio (such as 2Na/Fe) of alkali (expressed 
5 as sodium carbonate) based on Fe. 

The suspension containing FeCOs or an Fe-containing precipitate is aged at 35 to 60''C for 50 to 800 
minutes in an inert atmosphere by passing an inert gas such as N2 gas in the suspension. The suspension is 
stirred by bubbling with the gas or by a mechanical operation. 

If the aging temperature is lower than the aspect ratio (major axial diameter / minor axial diameter) 
10 becomes too small. Even If the aging temperature exceeds SO'^C, It is possible to obtain the spindle-shaped 
goethite particles having a large aspect ratio (major axial diameter / minor axial diameter), but it is meaningless 
to raise the aging temperature to a higher degree than necessary. 

If the aging time Is less than 50 minutes, it is difficult to obtain the spindle-shaped goethite particles having 
a large aspect ratio (major axial diameter / minor axial diameter). Even if the aging time exceeds 800 minutes, 
15 it is possible to obtain the spindle-shaped goethite particles having a large aspect ratio (major axial diame- 
ter/ minor axial diameter), but it Is meaningless to prolong the aging time more than necessary. 

The pH of the suspension at the time of aging is 7 to 11. If the pH is less than 7 or more than 11, it is difficult 
to obtain the spindle-shaped goethite particles. 

The reaction temperature for the oxidization for producing the goethite particles is 35 to 70''C. If the reaction 
20 temperature is lower than SS^'C, it is difficult to obtain the spindle-shaped goethite particles having a large aspect 
ratio (major axial diameter/ minor axial diameter). If it exceeds 70''C, granular hematite particles become mixed 
in the spindle-shaped goethite particles. 

The oxidization for producing the goethite particles Is carried out by passing an oxygen-containing gas (e.g., 
air) into the suspension. The suspension is stirred by bubbling with the gas or by a mechanical operation. The 
25 amount of oxygen-containing gas passed into the suspension and the oxidizing time are appropriately selected 
in accordance with the scale of a reaction vessel and the amount of suspension treated. 

It is necessary to add propionic acid or a salt thereof in the reaction liquid at a stage before passing an 
oxygen-containing gas thereinto for oxidization. For example, propionic acid or a salt thereof may be added to 
the aqueous alkali carbonate solution, the mixture of the aqueous alkali carbonate solution and the aqueous 
30 alkali hydroxide solution, the ferrous salt solution, or the suspension containing FeCO^ or an Fe-contalning pre- 
cipitate before passing an oxygen-containing gas thereinto for oxidization. 

As the salt of propionic acid In the present invention, sodium propionate, potassium propionate, calcium 
propionate, zinc propionate, cobalt propionate, magnesium propionate etc. may be used. 

The amount of propionic acid or the salt thereof is in the range of 0.1 to 10.0 mol% based on Fe. 
35 Addition of less than 0.1 moi% of propionic acid or the salt thereof is ineffective for increasing the aspect 

ratio (major axial diameter / minor axial diameter) and reducing the crystallite size. Although addition of mor 
than 10.0 mol% of propionic acid and the salt thereof is also effective for increasing the aspect ratio (major 
axial diameter / minor axial diameter) and reducing the crystallite size, it Is meaningless to add propionic acid 
or the salt thereof more than necessary. 
40 The spindle-shaped goethite particles obtained may be heated at 250 to 350^0 to obtain spindle-shaped 

hematite particles. 

It is preferable to coat the starting material (goethite particles or hematite particles) with at least one com- 
pound selected from the group consisting of compounds of Ni, Al, Si, P, Co, Mg, B and Zn in order to keep the 
particle shape and to prevent sintering between particles. Examples of such a compound are acetates and 
45 nitrates of Ni, Al, Co, Mg and Zn, aluminic acid, boric acid, silicic acid and phosphoric acid. Since these com- 
pounds have not only a sintering preventive effect but also an activity of controlling the reducing speed, it is 
preferable to use them in the form of a combination as occasion demands. 

Especially, it is preferable to treat the starting material with at least one selected from the group consisting 
of acetates of Ni, Al, Co, Mg and Zn and nitrates of Ni, Al, Co, Mg and Zn, and then treat it with at least one 
50 selected from the group consisting of boric acid, aluminic acid, silicic acid and phosphoric acid. 

Thus obtained coated particles are reduced at a temperature range of 300 to 550''C. 

If the temperature exceeds 550°C, the reduction rapidly progresses, thereby deforming the particle shape 
and causing sintering between particles. 

If the temperature is lower than SOO^'C, the progress of the reduction is so slow that It takes a long time. 
55 The flow rate of the reducing gas for the heat treatment and the heat-treating time are appropriately selected 

in accordance with the scale of a reaction vessel and the amount of particles treated. 

As the reducing gas, H2 gas may be used. 

The magnetic iron based alloy particles after the heat treatment in the reducing gas can be taken out into 
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air by a known method, for example, the method comprising immersing the magnetic iron based alloy particles 

in an organic solvent such as toluene or the method comprising replacing the atmosphere around the magnetic 

iron based alloy particles with an inert gas and then gradually increasing the oxygen content in the inert gas 

by introducing air until it becomes air so as to can7 out oxidization gradually. 
5 Before the heat-treatment in the reducing gas, it is preferable to heat the starting material in a non-reducing 

atmosphere by a conventional method prior to the reduction in order to control the magnetic properties, the 

powder properties and the shape of the particles. 

The heat treatment in the non-reducing atmosphere may be carried out at a temperature range of 300 to 

800^C in a stream of air. oxygen gas or nitrogen gas. 
70 If the temperature exceeds SOO^C. the particle shape is defomned, and sintering between particles is 

caused. 

Furthermore, it is preferable to stabilize the magnetic iron based alloy particles after the heat treatment in 
the reducing gas by subjecting them to the suri'ace oxidization treatment at 30 to 200^C in an oxygen-containing 
gas. The oxygen content in the oxygen-containing gas is preferably 0.02 to 20% by volume. If an oxygen-con- 
15 tainig gas in which the oxygen content is less than 0.02% by volume is used, the progress of the oxidization 
reaction is so slow that it unfavorably takes a long time. 

The oxygen-containing gas is ordinarily a mixed gas of air and an inert gas. As an example of the inert 
gas, N2 gas may be used. 

Although the treating temperature of lower than 3Q"C produces no problem, the progress of the oxidization 
20 reaction is so slow that it unfavorably takes a long time for treating. On the other hand, if it exceeds 200°C and 
the mixing ratio is as described above, since the oxidization reaction progresses too rapidly, the magnetic 
properties, in particular, the saturation magnetization (as) unfavorably lowers. 

The surface oxidization-treatment time is appropriately detemiined in accordance with the treating tem- 
perature and the oxygen content in the mixed gas. 
25 Especially, the surface oxidization treatment is preferably carried out in multiple stages by subsequently 

inr-roacinn nvvnian nQnf#»nf nf th#a njf vneo-containinq qas each time the heat generation oroduced by the 
oxidization reaction by the gas reaches the peak, as seen from examples described later. The surface oxidi- 
zation treatment is ordinarily carried out at 30 to 200^*0. 

In order to improve various properties of magnetic iron based alloy particles, metals other than Fe such as 
30 Co, Ni, Cr, Zn, Al, Mn and the like which are ordinarily added when producing the goethite particles as the start- 
ing material may be added. In this case, it is also possible to obtain the magnetic iron based alloy particles 
having a large aspect ratio (major axial diameter / minor axial diameter), a small crystallite size, an appropriate 
range of a specific surface area and a high coercive force. 

The magnetic iron based alloy particles obtained by the above-described method are spindle-shaped and 
35 have the following physical properties. 

The particle length (major axial diameter) is 0.05 to 0.40 ^m, preferably 0.05 to 0.35 ^m, and the aspect 
ratio (major axial diameter / minor axial diameter) is preferably 6 to 20. The crystallite size is 1 10 to 180 A, pref- 
erably 120 to 180 A, and the specific surface area is 30 to 60 m-/g, preferably 40 to 60 m2/g. The coercive force 
is 1 ,300 to 1 .700 Oe, preferably 1 ,400 to 1 .700 Oe, and the saturation magnetization (crs) is not less than 1 00 
40 emu/g, preferably 105 to 140 emu/g. The reduction ratio of the saturation magnetization of the magnetic iron 
based alloy particles which have been allowed to stand at a temperature of 40°C and a relative humidity of 
70% for 4 days is not more than 12%, preferably not more than 8%. If the saturation magnetization reduction 
ratio is not more than 12%, the saturation magnetization ordinarily becomes 100 to 140 emu/g. 

The particle length is a distance between one end and another end. The particle length Is a diameter at 
45 the middle. 

The magnetic iron based alloy particles may contain at least one selected from the group consisting of Ni. 
Al, Si, P. Co, Mg, 3 and Zn. which is added to the magnetic iron based alloy particles at the time of the coating 
treatment or production of the goethite particles. 

It is also possible to obtain more preferable magnetic iron based alloy particles having a crystallite size, a 
50 coersive force and a specific surface area which simultaneously satisfy the following relationships: 

-8 X [crystallite size (A)] + [coercive force (Oe)] = 110, and 
[crystallite size (A)] + 2 x [specific surface area (m^/g)] ^ 290. 
The reason why the spindle-shaped goethite particles having a large aspect ratio are obtained in accord- 
ance with the present invention is considered to be based on a synergistic effect of the aging process and the 
55 oxidization process carried out in the presence of propionic acid or a salt thereof from the fact that it is impossible 
to obtain spindle-shaped goethite particles having a large aspect ratio both in the case of canning out oxidization 
in the absence of propionic acid or the salt thereof after the aging process, and in the case of omitting the aging 
process and carrying out the oxidization in the presence of propionic acid or a salt thereof. 
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The reason why the magnetic iron based alloy particles which have an appropriate range of specific surface 
area and a high coercive force in spite of a small crystallite size are obtained is considered to be as follows. 

By the observant electron microscopic observation of the spindle-shaped goethite particles produced by 
obtaining a suspension containing FeCOa or an Fe-containing precipitate by adding an aqueous alkali carbo- 

5 nate solution or a mixture of an aqueous alkali carbonate solution and an aqueous hydroxide solution to an 
aqueous ferrous salt solution and canrying out oxidization by passing an oxygen-containing gas into the sus- 
pension, crystals of the long and slender primary particles have grown in the form of a bundle of straws. By a 
conventional method, since a goethite particle greatly grows in the widthwise direction in compliance of the 
increase of the number of the primary particles, spindle-shaped particles having a small aspect ratio are apt 

10 to be obtained. 

In addition, In the case of producing magnetic iron based alloy particles by subjecting the spindle-shaped 
goethite particles to a sintering preventive treatment and subjecting the resultant particles to heat treatment in 
a reducing gas by a conventional method, since the growth of the crystals between the long and slender primary 
particles In the form of a bundle of straws progresses, the crystallite size of the magnetic iron based alloy par- 
ts tides obtained is inevitably larger than that of the magnetic iron based alloy particles produced from acicuiar 
goethite particles as the starting material which are obtained by the oxidization of Fe(OH)2. 

In contrast, it Is considered that in the spindle-shaped goethite particles in the present invention, since it 
is possible to reduce the growth of a particle in the widthwise direction due to the synergistic effect of the aging 
process and the oxidization process in the presence of propionic acid or a salt thereof, the aspect ratio thereof 
20 is increased and the growth of the primary particles in the widthwise direction during reduction is suppressed 
by controlling the growth of the goethite particles in the widthwise direction, and as a result, the crystallite size 
Is reduced. 

Fig. 1 shows the relationship between the addition of sodium propionate and the aspect ratio of spindle- 
shaped goethite particles. 

25 In Fig. 1. the goethite particles were obtained in the same way as in Examples 1, 5 and 7. which will be 

described later, except that 0 to 10 mol% of sodium propionate based on Fe is present therein. The curves A, 
B and C Indicate spindle-shaped goethite particles having particle length of about 0.3 to 0.5 (im, about 0.2 
and about 0.1 \xm, respectively. 

As is clear from Fig. 1, the aspect ratio of the spindle-shaped goethite particles has a tendency to increase 
30 with the increase of the content of sodium propionate. 

Fig. 2 shows the relationship between the BET specific surface area and the crystallite size of spindle-sha- 
ped magnetic Iron based alloy particles. 

In Fig. 2, the marks A and x indicate the spindle-shaped magnetic Iron based alloy particles which were 
obtained by conventional methods described in Japanese Patent Application Laid-Open (KOKAI) Nos. 60- 
35 36603 and 2-51429, respectively, and the mark O indicates the spindle-shaped magnetic Iron based alloy par- 
ticles according to the present invention. The spindle-shaped magnetic iron based alloy particles according to 
the present invention have an appropriate specific surface area in spite of the smaller crystallite size than that 
of the spindle-shaped magnetic iron based alloy particles which were obtained by a conventional method. 
Fig. 3 shows the relationship between the coercive force and the crystallite size of spindle-shaped magnetic 
40 iron based alloy particles. 

In Fig. 3. the marks A and x indicate the spindle-shaped magnetic iron based alloy particles which were 
obtained by conventional methods described in Japanese Patent Application Laid-Open (KOKAI) Nos. 60- 
36603 and 2-51429, respectively, and the mark O indicates the spindle-shaped magnetic iron bsed alloy par- 
ticles according to the present invention. The spindle-shaped magnetic iron based alloy particles according to 
45 the present invention have a high coercive force in spite of the smaller crystallite size than that of the spindle- 
shaped magnetic iron based alloy particles which were obtained by a conventional method. 

Generally, the crystallite size, the specific surface area etc. are changeable depending upon the environ- 
mental conditions, the particle size of the starting material and the like. As is clear from Figs. 2 and 3, it is difficult 
to balance such properties with the environmental conditions in the case of using the spindle-shaped magnetic 
50 iron bsed alloy particles obtained by a conventional method as the starting material. 

Since the spindle-shaped magnetic iron based alloy particles according to the present invention have a 
large aspect ratio (major axial diameter / minor axial diameter), an uniform particle size distribution without any 
dendrite, a small crystallite size, an appropriate range of a specific surface area, a high coercive force and a 
large saturation magnetization, and they are excellent in oxidative stability when they are subjected to surface 
55 oxidization treatment, they are suitable as the magnetic particles for high-density recording at a low noise level. 

Furthenmore, if the spindle-shaped magnetic iron based alloy particles according to the present Invention 
are used for producing a magnetic tape or magnetic disc, the dispersibility in a vehicle is good and it is possible 
to obtain a good magnetic recording medium having an excellent recording performance and good signal to 
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noise SyN ratio. 



[Examples] 



5 The present invention will now be explained with reference to the following examples and comparative 

examples. It is to be understood, however, that the present invention is not restricted by these exannples. 

(1) The particle length and the aspect ratio (major axial diameter / minor axial diameter) in the following 
examples and comparative examples are expressed by the average of the values measured from electron 
micrographs, and the specific surface area is expressed by the value measured from the N2 gas adsorption 

1G by a BET method. 

(2) The crystallite size is expressed by the diameter of the crystal in the direction perpendicular to the plane 
measured by X-ray diffraction. The value is calculated from the measured line profile of the diffraction pat- 
tern by using the following Scherrer's fonmula. 

D = ^' 

15 pcose 

wherein 

p: the true half-width of the diffraction peak with the width of the machine subtracted therefrom 
K: Scherrer constant (0.9) 
k: the wavelength of X-ray 
20 d: Brugg angle 

(3) The oxidative stability is expressed by the percentage of the saturation magnetization reduction of the 
particles which was allowed to stand at 40*C. 70% RH for 4 days. 



25 



Reduction ratio of the saturation magnetization (%) 



30 



[saturation .magnetization ^| /Saturat ion magneti-^ 
^ ljust after the production/\zat ion after 4 days) 

Saturation magnet i z at ion 
just after the production, 



X 100 



<Production of Spindle-Shaped Goethite Partlcles> 



Example 1 

35 

600 / of the aqueous solution of 1 .35 mol// of NajCOg containing 1945 g (equivalent to 5.0 mol% based on 
Fe) of sodium propionate was charged in a reaction vessel which was maintained in a non-oxidizing atmosphere 
by passing N2 gas thereinto at a rate of 3.4 cm/sec. With this aqueous solution was mixed 300 / of an aqueous 
fenous sulfate solution containing 1 .35 mol// of Fe^ at a temperature of 50°C to produce FeCOj. 

40 The suspension containing FeCOj was held at 50°C for 300 minutes while continuously blowing N2 gas 

thereinto at a rate of 3,4 cm/sec. Thereafter, air was passed into the suspension containing FeCOa at 50°C at 
a rate of 2.8 cm/sec for 5.5 hours to produce yellowish brown precipitated particles. The pH of the suspension 
during the aeration was 8.5 to 9.5. 

The yellowish brown precipitated particles were filtered out, washed with water, dried and pulverized by 

45 an ordinary method. 

The thus-obtained yellowish brown particles were proved to be goethite particles as a result of X-ray dif- 
fraction. As is obvious from the electron micro photograph (x 30000) shown in Fig. 4, they were spindle-shaped 
particles having an average particle length of 0.31 and an aspect ratio (major axial diameter / minor axial 
diameter) of 15.8/1 with a unifomn particle size distribution and containing no dendrites. 

50 

Examples 2 to 7, Comparative Examples 1 to 3 



Spindle-shaped goethite particles were obtained in the same way as in Example 1 except for varying the 
kind, the concentration and the amount of aqueous alkali carbonate solution used, the kind, the amount and 
55 the adding time of propionic acid or a salt thereof, the kind, the concentration and the amount of aqueous ferrous 
salt solution used, the temperature of the suspension, a addition of an aqueous alkali hydroxide solution in the 
process of producing the suspension containing an Fe-containing precipitate, the temperature and the time at 
the aging process, and the temperature and the reaction time at the oxidization process. 
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The main producing conditions and various properties of the particles obtained are shown in Tables 1 and 

2. 

Any of the spindle-shaped goethite particles obtained in Examples 2 to 7 had a unifomri particle size dis- 
tribution and contained no dendrites. 
5 The electron micrograph (x 30000) of the spindle-shaped goethite particles obtained in Example 5 is shown 

in Fig. 5. 

The spindle-shaped goethite particles obtained in Comparative Example 1 had a large particle length and 
a small aspect ratio (major axial diameter /minor axial diameter), as shown in the electron micrograph (x 30000) 
of Fig. 6. 

10 

Example 8 

A precipitate of Co(OH)2 was produced by adding 3.65 of a solution of 10.0 mol// of NaOH to 9.1 / of the 
aqueous solution of 2.0 mol// of CoS04-7H20. After discharging as much supernatant of the Co(OH)2 precipitate 
15 as possible, 36,5 mol of propionic acid was added to the precipitate to prepare 25 / of a cobalt propionate sol- 
ution in total volume. 

600 / of the aqueous solution of 1.35 mol// of Na2C03 was charged in a reaction vessel which was main- 
tained in a non-oxidizing atmosphere by passing N2 gas thereinto at a rate of 3.4 cm/sec. With this aqueous 
solution was mixed 300 / of an aqueous ferrous sulfate solution containing 1.35 mol// of Fe^ at a temperature 
20 of 48*0 to produce feCOz- 

The cobalt propionate solution prepared in advance was added to the suspension containing FeCOa. 

The suspension containing FeCOs was held at 48^C for 300 minutes while continuously blowing N2 gas 
thereinto at a rate of 3.4 cm/sec. Thereafter, air was passed into the suspension containing FeCOs at 48°C at 
a rate of 2.8 cm/sec, for 5.1 hours to produce yellowish brown precipitated particles. The pH of the suspension 
25 during the aeration was 8.4 to 9.5. 

The yellowish brown precipitated particles were filtered out, washed with water, dried and pulverized by 
an ordinary method. The main producing conditions and various properties of the particles obtained are shown 
in Tables 1 and 2. 

The thus-obtained yellowish brown particles were proved to be goethite particles as a result of X-ray dif- 
30 fraction. They were spindle-shaped particles having an average particle length of 0.27 jim and an aspect ratio 
(major axial diameter / minor axial diameter) of 14.8 / 1 with a uniform particle size distribution and containing 
no dendrites. 

Example 9 

35 

Spindle-shaped goethite particles were obtained in the same way as in Example 8 except for using 3.0 
mol// of zinc propionate in place of 4.5 mol// of cobalt propionate. 

The main producing conditions and various properties of the particles obtained are shown in Tables 1 and 

2. 

40 The spindle-shaped goethite particles obtained in Example 9 had a uniform particle size distribution and 

contained no dendrites. 

<Production of Spindle-Shaped Hematite Particles> 
45 Example 10 and 11 

Spindle-shaped hematite particles were obtained by dehydrating the spindle-shaped goethite particles 
obtained in Examples 2 and 5 at 300''C in air. 

The hematite particles obtained had an average particle length of 0.36 i^m and an aspect ratio (major axial 
50 diameter/ minor axial diameter) of 1 5.0 / 1; and an average particle length of 0.1 8 ^lmand an aspect ratio (major 
axial diameter / minor axial diameter) of 1 1 .0 / 1 . respectively, according to the observation through an electron 
microscope. 

55 



10 



1 



EP 0 466 338 A1 



10 



15 



20 



25 



Eh 



30 



35 



40 



45 



50 



<V 

4J 
-H 

a 

o 
(i> 

a 

C 



to 



o 
o 

I 

a; 

U4 



O 

o 

CD 

o 



-3 

w 

04 



il) Li 



o 

o 



CD 

ry 

o o 
l-l — ^ 

"*-( ^ 
O 

3 
O 
0) 
3 

cr 



4j 
c 

3 



O 

o 



1-4 

o 



* c 

CO--' 

a -H ■ 

O *J --H 

c m o 

O M 6 



u 

O 
Vm 



U 

o 

c: 

Q 

o 



o 
o 

M 
4) 



O 

-r-t 



3 '-H 

O O 



O 

CO 

a; 



o 

« 



o 



o 
o 



in 
on 



CM 



o 
o 

CM 



o 



CsJ 



C 



e 

•H 

O 
CO 



CN 





c 




o 












3 




— f 




O 




CO 


CO 


<v 


3 


T3 


O 


--^ 




X 


3 


o 






< 













c 

o 

TJ 3 

^ o 

CO {U 

3 4-» 

O 

3) C 
3 O 

U 



C 
3 

O 



c o 

(J o 

C ro 

O M 



T3 



c 

3 

O 



c 

0) 

o 
c 

o 
u 



iTJ O 

4J 



n 

c 



J. 



4) 



T3 



I 

O <n 

u 



o 

c 



O 
u 



o 



OJ 



o 



E 

3 



O 

CN 



*T3 
C 

--^ o 
o 04 

CO o 
u 

OJ 



O 
CO 



LO 



- OJ 

c 
3 



o 
o 

ro 



o 
o 



o 



o 

CO 



o 



o 

CO 

c 



O 



CO 
CO 



04 

o 

u 



o 



o 

■H 

a 

o 

Li 



T5 
•«-( 

U 



e 

3 

•H 

o 



to 

C 

o 
o 



o 



o 
o 
m 



o 



o 

C\J 



o 
U4 



o 



e 
3 

o 

00 



o 

CN 



a: 
o 

2 



o 
o 



lO 
PO 



m 
O 

<N 



0) 

a. 



o 

CN 



m 

O 

CJ 

<N 



r J 



E 



o 
o 

03 



LO 



m 

O 

CJ 



a. 



o 

CN 



I I 



O 
O 



CO 

m 



ro 

O 

"0 



0) 



£ 



o 
o 



o 

CN 



fO 

O 
U 



a 



C 

o 

u 



o 
o 

no 



o 

4) 



O 

m 



CO 



CD 



o 
o 

no 



ro 



O 
O 
ro 



uo 



O 
to 



b 

3 



C 

o 



o 



o a 

al 



o 

0) 



O 
ro 



n3 

O 
CJ 



o 

CN 



O 
O 
»J3 



o 

CN 



O 
U 

CN 



O 

o 



-—J 
a 
e 



O 

in 



V 
c 

K 



1> 

c 

o 

• <-t 

&^ 

u 



o 
c 

-H 

CSJ 



o 
rvj 



jj 

c 

o 

•H 

o 

u 

04 



o 

LO 



o 
o 
m 



to 



o 
o 
ro 



uo 
ro 



O 
to 
ID 



o 

CO 



O 

LO 



3 
-H 

O 
CO 



o 



o 

CN 



o 
o 



ro 



O 

o 



C 
Q 

-H 

a 
o 
t-i 

a 



o 

CN 



o 
o 



IT) 
ro 



CD 



E 
TO 

X 



m 

O 
U 

CM 



O 

o 



ro 
O 

O 

CN 



ItJ 



O fT3 

U 



<D OJ 
> — t 

£ 

(-0 

:D 



O 

o 



LT) 

rn 



ro 

O 

o 

no 



I 



t: 4J 

CJ 



> —( 



o 
in 



o 



uo 
m 



O 

CO 
(U 



o 

CM 



o 
o 

V£3 



in 



m 

O 
CJ 

2 



I 

tJ > 
-lJ 

0 <n 

<J 



CO 



55 



11 



EP 0 466 338 A1 



(Note) 

^1): A represents an addition of propionic acid or a salt thereof to an aqueous alkaii carbonate solution. 
(*2): B represents an addition of propionic acid or a salt thereof to an aqueous alkali carbonate-alkali hyd- 
roxide solution. 

(*3): C represents an addition of propionic acid or a salt thereof to an aqueous fenrous salt solution. 
(M): D represents an addition propionic acid or a salt thereof to a suspension containing FeCOa. 
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<Coating of Spindle-Shaped Goethite Particles with IVIetal Compound> 
Exampi 12 

The goethite particles obtained in Example 1 were filtered out and washed with water to obtain a presscake. 
4,000 g of the thus-obtained presscake (equivalent to 1 .000 g of the the goethite particles) was suspended in 
30 / of water. The pH of the suspension was 9.1 . 

1 20 g of Ai(N03)3 9H2O was added to the suspension so that it was 12.0 wt% of the goethite particles, and 

the resultant mixture wsa stired for 10 minutes. 

21 1 g (21 .1 wt% based on the goethite particles) of Co(CH3COO)2'4H20 was then added to the suspension 
and the mixture was stirred for 10 minutes. The pH of the suspension was 5.03. 

A solution of 180 g (1 8.0 wt% based on the goethite particles) of H3BO3 was slowly added to the suspension 
and the suspension and the mixture was stinred for 15 minutes. 

After NaOH was further added to the suspension to adjust the pH to 9.5, the suspension was filtered by a 
filter press, washed with hot water and dried to obtain goethite particles coated with Al, Co and B compounds. 

The contents of the elements Al, Co and B in the particles obtained were 0.71 wt%. 4.24 wt% and 0.74 
wt% based on the particles, respectively. 

The main treating conditions are shown in Table 3. 

Examples 1 3 to 20, Comparative Examples 4 to 6 

Spindle-shaped goethite particles were coated in the same way as in Example 12 by varying the kind and 
amount of Al, Si, P. Ni, Mg, Co, B or 2n compound added. 
The main treating conditions are shown In Table 3. 

In the Example 16, sodium aluminate were added to the suspension after the pH thereof was adjust d to 
the range of 7 to 9. 

<Production of Spindle-shaped Hematite Particles Coated with Metal Compound> 

Example 21 

The spindle-shaped hematite particles were obtained by dehydrating the spindle-shaped hematite particles 
obtained in Example 13 at a temperature of 300«C in air. 

The obtained spindle-shaped hematite particles had an average particle length of 0.38 ^m and an asp ct 
ratio (major axial diameter / minor axial diameter) of 15.0/1 according to the observation through an electron 
microscope. 



14 



EP 0 466 338 A1 



Table 3 



Example and 
Comparative 
example 


Treated 
(obtained in) 


Compound 


Kind 


Amount 

(wt%) 


Example 12 


Example 1 


Al (NO3) 3 • 9H2O 

Co (CH3COO) 2 • 4H2O 
H3BO3 


12 .0 
21 . 1 
18 .0 


Example 13 


Example 2 


Co (CH3COO) 2 • 4K2O 
Ni (CH3COO) 2 * 4K2O 
Al (NO3) 3 • 9H2O 

H3BO3 


14 . 0 
1 .5 
8 .0 

14 . 0 


Example 14 


Example 3 


Sodium hexametaphosphate 
Sodium silicate 

Sodium alumiinate 
(InvJ3; 2 tn.2w 


0 . 8 
13 . 5 
7 . 0 


Example 15 


Exam.ple 4 


Co (NOs) 2- 6H2O 

Zn (CH3COO) 2 * 2H2O 


15 . 0 

Id . u 


Example 16 


Example 5 


Al (NO3) 3 • 9H2O 

^<wn3U\JO> 2 • ^n2U 


15 , 0 

■10 ~~> 
J. ^ . > 

9 Pi n 


Example 17 


Example 6 


Al (NO3) 3 • 9H2O 
Co (NO3) 2 • 6H2O 


16 . 0 
11 . 0 


Example 18 


Example 7 


Al (NO3) 3 • 9H2O 

Co (CH3COO) 2 * 4H2C 
H3BO3 


13 . 0 

16 . 9 

17 . 0 


Example 19 


Example 8 


Al (NG3) 3 • 9H2O 

Mg (CH3COO) 2 * 4H2O 
H3BO3 


13 . 0 
6 . 5 
18 . 0 


Example 2 0 


Example 9 


Al (NG3) 3 • 9H2O 
Co (CH3COO) 2 * 4H2O 
H3BO3 


11 . 0 
16 . 9 
20.0 


Comparative 
example 4 


Comparative 
example 1 


Al (NO3) 3- 9H2O 

Co (CH3COO) 2 • 4H2O 
H3BO3 


9.0 
12 . 7 
15 . 0 


Comparative 
example 5 


Com.parat ive 
example 2 


Al (NO3) 3 ' 9H2O 

Co (CH3COO) 2 • 4H2O 

H3BO3 


9 . 0 

12 . 7 

15 . 0 


Comparative 

example 6 


Com.parat ive 
example 3 


Al (NO3) 3' 9H2O 

Co (CH3COO) 2 • 4H2O 

H3BO3 


9 . 0 
12 . 7 
15.0 



Example 22 

The goethite particles obtained in Example 1 were filtered out and washed with water to obtain a presscake. 
The thus-obtained presscake equivalent to 10 kg of the goethite particles was suspended in 200 / of water. 
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The pH of the suspension was 9.2. 

1 .3 kg (1 3.0 wt% based on the goethite particles) of AI(N03)3-9H20 was added to the suspension. 2.32 kg 
(23.2 wt% based on the goethite particles) of Co(CH3COO)2-4H20 was further added to the suspension and 
the mixture was stirred for 15 minutes. The pH of the suspension was 4.70. 

After NaOH was added to the suspension to adjust the pH to 9.8. 150 g (1.5 wt% based on the goethite 
particles) of oleic acid was added. 

After the suspension was thoroughly washed with hot water of 60''C by a rotary filter, 1.5 kg of H3BO3 was 
added (15 wt% based on the goethite particles) and the mixture was stirred for 20 minutes. 

The suspension was further filtered by a filter press and dried to obtain goethite particles coated with Al, 
Co and B compounds. 

The contents of the elements Al, Co and B in the particles obtained were 0.89 wt%, 5.32 wt% and 0.68wt% 
based on the particles, respectively. 

The main treating conditions are shown in Table 4. 

Examples 23 to 30, Comparative Examples 7 to 9 

Spindle-shaped goethite particles were coated In the same way as in Example 22 by varying the kind and 
amount of Al, Si, P, Nl, Mg, Co, B or Zn compound added. 
The main treating conditions are shown in Table 4. 

In the Example 23, sodium alumlnate was added to the suspension after pH thereof was adjusted to the 
range of 7 to 9. 

In the Example 25, sodium hexametaphosphate and sodium silicate were added to the suspension after 
pH thereof was adjusted to the range of 7 to 9. 
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Table 4 



Example and 
Comparat i ve 
examole 


Treated 

particles 
(obtained in) 


ComDound 


Kind 


Amount 
<wt%) 


Example 22 


Example 1 


Al (NO3} 3- 9H20 

Co (CH3COO)2 •4H2O 
H3BO3 


13 .0 
23 .2 
15 .0 


Example 23 


Example 10 


Co (CH3COO)2 •4K2O 
2n (CH3COO)2 •2K2O 
Sodium aluminate 
H3BO3 


16 . 9 
1 .7 
8 . 0 

12 .0 


Example 24 


Examole 3 


Co (CH3COO) 2 • 4K2O 
Ni (CH3COO) 2 • 4H20 
Al (NO3) 3 • 9H2O 
H3BO3 


12 .7 
2 . 8 

11.0 
14 .0 


Example 2 5 


Example 4 


Sodium hexamet aphosphate 
Sodium silicate 

v-O vNU3^ 2 0:120 

H3B03 


0 , 6 
13 . 0 

8 . 4 
10 .0 


Example 2 6 


Example 11 


Al (NO3) 3 • 9H2O 

Co (NO3) 2 • 6H2O 
H3BO3 


14 , 0 

23 ,2 
16.0 


Example 2 7 


Example 6 


Al (NO3) 3 • 9H2O 

Co (CH3COO) 2 • 4H2O 
H3BO3 


15 .0 
21 . 1 

18 . 0 


Example 2 8 


Example 7 


Al (NO3) 3 ' 9H2O 
Co (NO3) 2 • 6H2O 
H3BO3 


16.5 
25 . 3 

20 .0 


Example 2 9 


Example 8 


Al (NO3) 3 • 9H2O 

*■ \\^n^\^\j\j } 2 Tri2>-' 

H3BO3 


12 . 0 
16 .0 


Example 30 


Example 9 


Al (NO3) 3 • 9H2O 

Co (CH3COO)2 •4H2O 
H3BO3 


12 .0 
16 . 9 
18 .0 


Comparat ive 
example 7 


Comparat ive 
example 1 


Al (NO3) 3 • 9H2O 

Mg (CH3COO) 2 •4H2O 
H3BO3 


11 . 0 
6 .0 
14 .0 


Comparat ive 
example 8 


Comparative 
example 2 


Al (NO3) 3* 9H2O 

Mg (CH3COO)2 -4H20 
H3BO3 


11 .0 
6.0 
14 . 0 


Comparat ive 
examole 9 

* 


Comiparat ive 
example 3 


Al (MO3) 3 • 9H2O 

Mg (CH3COO) 2 • 4H2O 
H3BO3 


11 .0 

6 , 0 
14 . 0 
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<Production (I) of Spindle-Shaped Magnetic Iron Based Alloy Particles Containing Iron as the Main Ingred- 
ient> 

Example 31 

700 g of the spindle-shaped goethite particles coated with Al. Co and B compounds obtained in Example 
1 2 were heat-treated at 410°C in air to obtain spindle-shaped hematite particles coated with Al, Co and b com- 
pounds. 

100 g of the spindle-shaped hematite particles coated with Al, Co and B compounds were charged in about 
10 / rotary retort reducing vessel and H2 gas was passed into the vessel at a rate of 40 / /min while rotating the 
vessel to reduce the hematite particles at a reducing temperature of 400°C. 

The magnetic iron based alloy particles containing Al, Co and B which were obtained by the reduction were 
taken out while being immersed in toluene liquid so as to prevent from rapid oxidization which may be caused 
when taken out into air. 

A part of the particles were taken out and stable oxide layer were formed on the surfaces while evaporating 
toluene. 

As is obvious forni the electron microphotograph (x 30000) shown in Fig. 7, the magnetic iron based alloy 
particles containing Al, Co and B were fine particles having an average particle length of 0.27 |am, an aspect 
ratio (major axial diameter / minor axial diameter) of 14.8 / 1, a specific surface area of 49.8 m^/g and a crys- 
tallite size of 160 A with a uniform particle size distribution and containing no dendrites. 

As to the magnetic properties, the coercive force (He) was 1 ,550 Oe and the saturation magnetization (as) 
was 1 56.9 emu/g. 

Examples 32 to 40, Comparative Examples 10 to 12 

Magnetic iron based alloy particles were obtained in the same way as in Example 31 except for varying 
the kind of the starting material, the heat-treating temperature, the kind of the non-reducing atmosphere, th 
reducing temperature and the flow rate of H2 gas. 

The main producing conditions and various properties of the particles obtained are shown In Table 5. 

Any of the spindle-shaped magnetic iron based alloy particles which were obtained in Examples 31 to 40 
had a uniform particle size distribution without containing any dendrites. 

The magnetic iron based alloy particles which were obtained in Example 35 are shown in an electron micro- 
graph (x 30000) of Fig. 8. 
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<Production (II) of Spindle-Shaped Magnetic Iron Based Alloy Particles> 
Example 41 

5 5.0 kg of the spindle-shaped goethite particles coated with Al, Co and B connpounds obtained in Example 

22 were heat-treated at400°C in air to obtain spindle-shaped hematite particles coated with Al, Co and B com- 
pounds. 

2000 g of the spindle-shaped hematite particles coated with Al, Co and B compounds were changed in a 
fluidized bed reducing furnace, and H2 gas was passed in to the furnace at a rate of 180 //mln to reduce the 

10 hematite particles at a reducing temperature of 390''C for 15 hours. 

After the reduction, H2 gas was replaced by N2 gas and the particles were cooled to SO^'C while blowing 
N2 gas thereinto at a rate of 160 N//mln. While maintaining the temperature of the fumace at SO^'C, N2 gas and 
air which were mixed in the ratio of 160 N//min to 0.2 N//min in the flow rate were passed into the furnace. When 
it was observed that the heat generation by the mixed gas having the above mixing ratio had reached the peak, 

15 the flow rate of air was raised to 0.4 N//min so as to increase the air ratio in the mixed gas. In this way, the air 
ratio in the mixed gas was sequentially raised by raising it when the peak of the heat generation by the oxidi- 
zation was obsen/ed and finally oxidization was continued with air and N2 gas mixed in the ratio of 1.2 Nj^min 
to 1 60 N//mln in the flow rate until no heat was produced by the oxidization and the temperature of the particles 
became about 50°C which was almost the same as the temperature of the furnace. During this process, the 

20 temperature of the particles had reached JS^C at the highest 

The air mixing ratio was then gradually raised while maintaining the temperature of the furnace at SO^'C 
and the flow rate of the N2 gas at 160 N//mln until the flow rate of air was 20 Ni/mm. During this process, no 
heat was observed. 

While further passing air and N2 gas mixed in the ratio of 40 N//min to 140 N//min in the flow rate into the 
25 furnace, the temperature of the particles was cooled to room temperature. 

The mixed gas was then replaced by N2 gas by reducing the air flow rate to 0 //min and the thus-obtained 
spindle-shaped magnetic iron based alloy particles with oxide layer formed on the sur^ces were collected. 

As is obvtous from the electron micrograph (x 30000) shown in Fig. 9, the magnetic iron based alloy partici s 
containing Al, Co and B were fine particles having an average particle length of 0.28 (un, an aspect ratio (major 
30 axial diameter / minor axial diameter) of 1 5.0 / 1 . a specific surface area of 49.2 m^/g and a crjr stallite siz of 
155 A with a uniform particle size distribution and containing no dendrites. 

As to the magnetic properties, the coercive force (He) was 1 ,530 Oe, the saturation magnetization (as) was 
135.4 emu/g and the reduction ratio of saturation magnetization was 4.2%. 

35 Examples 42 to 50, Comparative Examples 13 to 15 

Magnetic iron based alloy particles were obtained in the same way as in Example 41 except for varying 
the kind of the starting material, the heat-treatment temperature, the kind of the non-reducing atmosphere, the 
reducing temperature, the flow rate of H2 and the surface oxidizing conditions. 
40 The main producing conditions and various properties of the particles obtained are shown in Table 6. 

Any of the spindle-shaped magnetic iron based alloy particles which were obtained in Examples 42 to 50 
had a uniform particle size distribution without containing any dendrites. 

The magnetic iron based alloy particles which were obtained in Example 46 are shown in an electron micro- 
graph (x 30000) of Fig. 10. 

45 The magnetic iron based alloy particles obtained after reduction in Comparative Examples 13 to 15 were 

taken out while being immersed in toluene liquid so as to prevent rapid oxidization which may be caused when 
taken out into air. 

A part of the particles were taken out for measurement and stable oxide layer were formed on the surfaces 

« 

while evaporating toluene. 
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aims 

Spindle-shaped magnetic iron-based alloy particles which contain at least one selected from Ni, Ai, Si, P, 
Co, Mg, B and Zn and which have a particle length of from 0.05 to 0.40 nm. a crystallite size of 11 to 18 
nnn (1 1 0 to 180 A)» a specific surface area of from 30 to 60 m^/g, a coercive force of 1 .03 to 1.35 A/m (1,300 
to 1,700 Oe) and a saturation magnetization (as) of not less than 100 Am^/kg (100 emu/g). 

Particles according to claim 1, wherein said saturation magnetization is 100 to 140 Am^/kg (100 to 140 
emu/g) and the reduction ratio of said saturation magnetization is not more than 12%. 

Particles according to claim 1 or 2, wherein said crystallite size, said specific surface area and said coer- 
cive force simultaneously satisfy the following relationships: 

-8 X [crystallite size (A)] + [coercive force (Oe)] ^110, and 
[crystallite size (A) ] + 2 x [specific surface area (m^/g)] ^ 290 

A process for producing spindle-shaped magnetic iron-based alloy particles, which process comprises: 

(i) adding an aqueous alkali carbonate solution or both an aqueous alkali carbonate solution and an 
aqueous alkali hydroxide solution to an aqueous ferrous salt solution so as to obtain a suspension con- 
taining FeCOs or an Fe-containing precipitate; 

(ii) ageing the thus-obtained suspension; 

(iii) carrying out oxidization by passing an oxygen-containing gas into the aged suspension in the pre- 
sence of from 0.1 to 10.0 mol% based on Fe of propionic acid or a salt thereof at from 35 to yCC so 
as to obtain spindle-shaped goethite particles; 

(iv) coating the thus-obtained spindle-shaped goethite particles with at least one compound selected 
from Ni, Al, Si, P, Co, Mg, B and Zn compounds; and 

(v) heat-treating the coated particles in a reducing gas. 

A process according to claim 4, wherein said ageing treatment is carried out at from 35 to 60°C for 50 to 
800 minutes at pH of 7 to 11 in a non-oxidizing atmosphere. 

A process according to claim 4 or 5, further comprising the step of heating and dehydrating said spindle- 
shaped goethite particles to produce spindle-shaped hematite particles before the coating step. 

A process according to any one of claims 4 to 6, further comprising the step of heat-treating said coated 
particles at 300 to 800°C in a non-reducing atmosphere before the heat-treating step. 

A process according to any one of claims 4 to 7, further comprising the step of oxidizing the surfaces of 
the reduced particles in an oxygen-containing gas. 

A process according to any one of claims 4 to 8, wherein said propionic acid or a salt thereof is added to 
said aqueous alkali carbonate solution, to both said aqueous alkali carbonate solution and said aqueous 
alkali hydroxide solution, to said ferrous salt solution, or to said suspension containing FeCOa or an Fe- 
containing precipitate before the oxidization. 

0, A magnetic recording medium incorporating spindle-shaped magnetic iron-based alloy particles as 
claimed in any one of claims 1 to 3 or which have been produced by a process as claimed in any one of 
claims 4 to 9. 
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